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Introduction

• Neutrino generator: GENIE v2.12.8.


• Geometry: KLOE magnet filled with STT. Corrected geometry by M Kordosky 
and M Tenti, ν flux along z-axis, KLOE symmetric along x-axis.


• Interactions produced in the tracking region only, to increase statistics.


• 107 events for each file generated flat in log E in the region 1 MeV ÷ 60 GeV, 
weighted to the official ν flux in neutrino mode (FHC) and antineutrino mode 
(RHC) for DUNE ND — see also http://home.fnal.gov/%7Eljf26/DUNEFluxes/


• Separate files are produced according to the following scheme:


- muon and electron neutrinos and antineutrinos, CC and NC (8 files);


- muon neutrinos and antineutrinos, electron interactions (2 files).

http://home.fnal.gov/~ljf26/DUNEFluxes/
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Neutrino interactions and simulated files
• In total, 10 files are generated:


• CC includes the followings:

- genie::EventGenerator/QEL-CC	 	 	 	 Quasi-elastic scattering

- genie::EventGenerator/RES-CC	 	 	 	 Resonant production

- genie::EventGenerator/DIS-CC	 	 	 	 Deep-inelastic scattering

- genie::EventGenerator/COH-CC		 	 	 Coherent

- genie::EventGenerator/DIS-CC-CHARM 	 	 DIS with charm

- genie::EventGenerator/QEL-CC-CHARM	 	 QEL with charm 


• NC includes:

- genie::EventGenerator/QEL-NC  

- genie::EventGenerator/RES-NC  

- genie::EventGenerator/DIS-NC   

- genie::EventGenerator/COH-NC 


• NuE includes:

- genie::EventGenerator/NUE-EL	 	 	 	 Elastic electron scattering 

- genie::EventGenerator/IMD     	 	 	 	 Inverse muon decay

- genie::EventGenerator/IMD-ANH

νμ

νe

(—)

(—)
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Quality checks

νμ—νμ

Weighted events per 1020 POT

Neutrino mode
(FHC)

Antineutrino mode
(RHC)
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Interaction rates on KLOE

• Answer	the	“Ac2on	Items”	from	the	last	ND	Workshop	

• We	(LNS)	agreed	to	answer	point	2	of	item	3.1:	

Findings	and	Action	Items	
From	

The	3rd	DUNE	Near	Detector	Workshop	
CERN,	6-7	Nov	2017	

	
	

By	Mike	Kordosky,	Steven	Manly,	Kam-Biu	Luk,	Alfons	Weber	
19	November	2017	

	

1 Introduction	
A	DUNE	Near	Detector	(ND)	workshop	was	held	at	CERN	in	November	2017.	It	was	the	3rd	in	a	series	
of	workshops	that	was	organised	by	the	DUNE	ND	Design	Study	to	define	an	ND	concept.	Prior	to	the	
workshop	(WS),	the	DUNE	EC	in	consultation	with	the	ND	convenors	agreed	on	a	timeline	for	the	ND	
design	study	that	is	summarised	in	DUNE-docDB-5831.		
	
The	document	states	that	the	DUNE	EC	endorsed	the	conclusions	of	the	summary	document	from	
the	June	ND	workshop.	The	endorsed	decisions	were:	

● The	baseline	concept	consists	of	a	LAr-TPC	and	a	magnetized	multi-purpose	tracker;	
● The	LAr-TPC	should	not	be	magnetized;	
● The	required	floor	space	of	the	Near	Detector	hall	is	likely	to	be	approximately	50%	larger	to	

accommodate	the	two-detector	system;	
● The	Near	Detector	hall	should	be	at	its	current	position	of	575	m	from	the	target,	unless	cost	

benefits	are	identified	by	LBNF	for	moving	the	ND	Hall	closer.	
	
It	also	defined	the	main	goals	of	the	3rd	WS:	

● Analysis	magnet:	what	are	the	size,	mass	and	configuration	of	the	analysis	magnet	that	will	
dictate	the	design	of	the	spectrometer	and	the	Near	Detector	hall?	

● Tracking	Technology:	What	kind	of	technology	should	be	used	for	the	multi-purpose	tracker?	
● 3D-Scintillator	Tracker	(3DST):	How	will	a	3-D	scintillator	tracker	(as	a	target	for	the	MPT)	

enrich	the	scientific	measurements?	
● PRISM	concept:	How	will	the	PRISM	concept	address	the	beam-related	systematic	issues?	

	
The	agenda	of	the	workshop	was	designed	to	achieve	the	aims	outlined	in	the	document	and	can	be	
found	at	https://indico.fnal.gov/event/14737.	The	first	1.5	days	were	presentations	covering	the	
different	technologies	and	analysis,	while	the	last	part	was	dominated	by	a	discussion	for	reaching	
agreement	on	the	questions	and	studies	that	will	address	the	main	goals	of	the	WS	and	beyond.	
	
This	document	summarises	the	findings	and	action	items	agreed	by	the	WS	participants.	

2 General	Findings		
1. Several	studies	have	demonstrated	that	the	neutrino-electron	elastic	scattering	is	a	useful	

tool	not	only	for	determining	the	overall	neutrino	flux	normalisation,	the	energy	spectrum	of	
the	neutrino	beam	may	also	be	extracted.	This	seems	to	be	possible	for	all	detector	

technologies	provided	that	a	sufficiently	large	mass,	good	energy	and	angular	resolution	are	
in	place.		

2. The	3D-scintillator	detector	(3DST)	may	need	an	electromagnetic	calorimeter	at	the	back	in	
order	to	contain	high-energy	electrons	and	measure	the	electron	energy	to	the	required	
precision.	In	addition,	we	need	to	consider	whether	the	3DST	has	to	be	placed	in	the	
magnetic	field	or	not.	

3. It	has	been	demonstrated	by	MINERvA	that	a	plastic	scintillator	detector	has	the	ability	to	
measure	final-state	neutrons	through	nuclear	recoil.	This	gives	a	handle	on	the	neutron	
multiplicity	whereby	some	information	on	the	“missing”	energy	in	neutrino	interactions	can	
be	extracted.	It	is	not	yet	clear	if	the	straw	tube	tracker	(STT)	or	a	LAr	detector	will	have	the	
same	capability.	

4. The	aspect	ratio	of	the	dipole	magnet	was	optimised	for	the	STT	and	would	have	to	be	
changed	for	a	high-pressure	gaseous	Argon	TPC	(HP	GAr	TPC).	

5. The	active	volume	of	the	proposed	ArgonCube	detector	(active	volume	=	w*l*h	=	3*5*2	m3)	
is	too	small	to	contain	the	hadronic	shower.	Especially,	the	height	may	need	to	be	increased.	

6. We	need	to	specify	the	acceptable	errors	in	the	muon	and	hadronic	energy	scales.	
7. The	LAr	ND	may	not	be	very	well	coupled	to	the	downstream	Multi-purpose	tracker	(MPT).	

This	is	especially	true	(i)	if	the	LAr	detector	is	moved	independently	from	the	MPT	as	part	of	
the	DUNEPRISM	concept,	(ii)	if	the	MTP	uses	a	solenoid;	in	this	case,	the	particles	(muons)	
from	the	LAr	would	have	to	pass	through	the	return	yoke	of	the	magnet	before	entering	the	
sensitive	volume.	It	might	be	useful	to	have	a	muon	range	detector	(maybe	similar	to	MINOS	
or	Baby	MIND)	downstream	(and	on	the	sides)	of	the	LAr	detector.		

8. Based	on	simulated	data,	the	DUNE	PRISM	concept	can	reproduce	the	disappearance	energy	
spectrum	at	the	Far	site	up	to	~3.5	GeV	by	a	linear	combination	of	spectra	obtained	with	the	
near	detector	at	several	off-axis	angles.	

9. Deficiencies	in	cross-section	models	can	result	in	biased	determination	of	the	oscillation	
parameters,	despite	a	good	quality	near/far	fit,	if	only	on-axis	near	detector	measurements	
are	available.	In	this	case,	off-axis	near	detector	measurements	can	identify	such	modeling	
problems.	

10. The	INFN	team	is	independently	exploring	different	near-detector	concepts	centered	on	the	
KLOE	solenoid.	

3 Action	Items	
	
3.1 Analysis	Magnet	
The	charge	to	Near	Detector	Concept	Study	is	to	document	the	scientific	arguments	for	the	
relative	merits	of	using	either	the	KLOE	solenoid	or	a	new-build	dipole	magnet	of	a	similar	
size	to	that	in	the	DUNE	CDR.	The	early	steps	on	this	path	are	as	follows:	

1. November	workshop	should	agree	on	the	process	for	the	making	a	comparison:	
● How	to	document	the	main	scientific	advantages/disadvantages	of	the	KLOE	option;	
● What	specific	questions	need	to	be	addressed	before	coming	to	a	conclusion;	
● What	is	the	minimum	set	of	simulation	studies	of	solenoid	based	ND	system.	

2. Early	January:	circulate	a	draft	document	describing	the	relative	merits	of	the	two	options,	
based	on	the	plan	agreed	at	the	November	workshop.	This	document	will	be	circulated	to	
the	Near	Detector	Concept	Study	for	feedback.	

	
Participants	of	the	WS	agreed	that	the	following	questions	should	be	answered	and	documented	for	
both	magnets	in	a	docDB	document:	

1. KLOE	magnet	needs	to	be	simulated	with	STT	in	DUNEGGD	
2. Tabulate	statistics	in	different	channels	(see	appendix)	as	a	function	of	fiducial	mass		
3. Evaluate	key	performance	figures	as	a	function	of	energy	(E)	and	fiducial	volume	(FV)	

Appendix	
	
A. Key	interactions	
● Neutrino-electron	elastic	scattering	
● Coherent	pi0	and	pi+/-		
● Low	nu	(250-MeV	cut)	
● CC	Inclusive	(electron/muon)	
● NC/CC	pi0	

	

• With	a	special	eye	on	the	following	key	
interac2ons:
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Interaction rates on KLOE — see attached doc

• Nu_mu events are weighted with ‘neutrino mode’ (FHC) flux, 


• Nu_mu_bar events are weighted with the ‘antineutrino mode’ (RHC) flux.


• Interaction rate of events in KLOE obtained and tabulated.


• Dedicated production with a liquid Argon cube to compare with numbers 
reported in the CDR. 


• Reproduce the table equivalent with the CDR one, 1m3 of liquid Argon and 
neutrino flux from —>  http://home.fnal.gov/∼ljf26/DUNE2015CDRFluxes/  
Optimized Beam – 120 GeV, 204m x 4m DP


• Low-nu interactions to be finalised.
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KLOE equivalent mass

• Reference: CDR 2015 Vol. 4


• Average density of Fine-Grained Tracker (our case): 0.1 g/cm3


• Geometry of tracking region: radius 2 m, length 3.38 m


• Volume = 42.47 m3, mass = 4.25 t


